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AERODYNAMIC DAIVTPkB-G AND OSCILLATORY STABILITY IPS PITCH 
AND YAW OF A Vm-aBLE-hWEW SUPERSONIC TRANSPORr%' 
CONFIGURATION A?' MACH NUMBERS FROM 0.46 TO 1.80 
By Robert A. Kilgore 
Langley Research Center 
SUMMARY 
Wind-tunnel measurements of the aerodynamic damping and oscillatory stability in 
pitch and yaw of a model of a variable-sweep supersonic transport configuration have 
been made at Mach numbers from 0.40 to  1.80 by using a lo amplitude forced-oscillation 
mechanism. The investigation was made with wing leading-edge sweep angles of 25' at 
Mach numbers of 0.40 and 0.80, 50' at  Mach numbers of 0.80, 0.90, 1.00, and 1.20, and 
75' at a Mach number of 1.80. The effects of horizontal and vertical tails,  a s  well a s  
the effect of horizontal-tail height, were determined. The engine inlets were blocked 
since internal flow through the engines could not be simulated. In order  to  determine 
qualitatively the effect of blocking the engine inlets, t es t s  were also made with a config- 
uration having an ogive nose. 
The resul ts  of the investigation indicate that for  the oscillation center which was 
used the complete airplane configurations generally have positive damping and oscillatory 
stability in  both pitch and yaw except fo r  a region of longitudinal instability at  angles of 
attack greater than about 6O at subsonic speeds. The horizontal-tail and vertical-tail 
surfaces generally provide most of the damping in  pitch and damping in yaw, respectively. 
The low horizontal ta i l  generally provides slightly greater  damping and stability in  pitch 
than the high horizontal tail, and the increase varies  with wing sweep angle and angle of 
attack. The levels and trends of damping and stability in  pitch a r e  generally independent 
of fuselage shape. The effect of fuselage shape on the la teral  dynamic stability character- 
is t ics  is insignificant near an angle of attack of 0' and is appreciable at angles of attack 
greater  than about 4' to 6'. 
INTRODUCTION 
One of the requirements for  a commercially successful supersonic transport is that 
the airplane have acceptable stability and control characteristics in  al l  phases of flight. 
The National Aeronautics and Space Administration, therefore, has investigated the 
aerodynamic characteristics of a number of proposed s u p e r s o ~ e  transport ce~Aigura- 
tions, some of which employ variable-sweep wings. Sonze of the longi"cudinal and lateral 
dynamic stability charaelesistics for  one cf "Lhe variable-sxeep supersonic transport eon- 
f i g ~ r a t i o n s  are presented in reference % for  the coaLflguration with wings swept back '75O 
for  Mach numbers of 2.40, 2.98, and 3.60. 
This paper presents  some experimentally determined longitudinal and lateral  
dynamic stability characteristics at Mach numbers from 0.40 to 1.80 for  the model used 
in  the investigation of reference 1. The model was tested with wing leading-edge sweep 
angles of 25O at Mach numbers of 8.40 and 8.80, 50' at Mach numbers of 0.80, 0.90, 1.00, 
and 1.20, and '75' at a Mach number of 1.80. The tests  were made at an oscillation ampli- 
tude of about lo by using a forced-oscillation technique. 
Tes t s  were made to  determine the effect of,removal of the horizontal and vertical 
tails and of changing the horizontal-tail height. The model was tested with the engine 
inlets blocked since the space required for  the oscillation-balance mechanism prevented 
internal flow through the engine ducts. Since it was recognized that blocked engine inlets 
would not provide a correct  simulation of flow over the model, t es t s  a lso were made with 
the model equipped with an ogive nose faired into the fuselage in  order  to provide a quali- 
tative comparison of the effects of blocked engine inlets on the dynamic stability 
characteristics.  
SYMBOLS 
Measurements and calculations were made in the U.S. Customary Units; however, 
they a r e  presented in this text in the International System of Units (SI). Details con- 
cerning the use of SI, together with physical constants and conversion factors,  a r e  given 
in reference 2. 
The aerodynamic parameters  a r e  re fer red  to  the body system of axes as shown i n  
figure 1. These axes originate at  the oscillation center of the model, a s  shown in the 
detail drawings which a r e  presented in figure 2. The equations which were used to reduce 
the dimensional aerodynamic parameters  of the models to the nondimensional aerody- 
namic parameters  a r e  presented in the section entitled "Measurements and Reduction of 
Data." The reference dimensions a r e  based on the geometric characteristics of the 
model with the wings in the 75O sweep position, regardless of the actual tes t  wing-sweep 
position. 
b reference span, 0.491 meter 
- 
c reference chord (mean geometric chord), 0.355 meter 
frequency of oscillation, hertz 
in pitch, * i n  yaw, radians reduced-f recyueney parameter, - 2V 2V 
f ree-streanz Mach number 
angular velocity of body-axis system about Y-axis, radians/second (see fig. 1) 
free-stream dynamic pressure,  newtons/meter2 
Reynolds number based on CT 
angular velocity of body-axis system about Z-axis, radians/second (see fig. 1) 
reference a rea ,  0.154 meter2 
f ree-s t ream velocity, meters/second 
angle of attack, degrees or  radians; o r  mean angle of attack, degrees (see 
fig. 1) 
P angle of sideslip, radians (see fig. 1) 
A angle of wing sweep, degrees 
w angular velocity, 2d, radians/second 
Rolling moment 
I rolling-moment coefficient, (see fig. 1) q,Sb 
Pitching moment 
Cm pitching-moment coefficient, (see fig. 1) q,sr 
Yawing moment 
Cn yawing-moment coefficient, q,Sb (see fig. 1) 
ac 
C = - per radian % ag 
- " per radian 
per  radian c m , , = x  
per radian Crn& = - 
a($$) 
per  radian 
per radian 
per  radian Cna = -qj- 
C1 cos a + k 2 c  lk. effective-dihedral parameter,  per radian P 
Cmq + Cmdr damping- in-pitch parameter,  per  radian 
c ~ ,  - k2cmp oscillatory- longitudinal-stability parameter ,  per  radian 
Cnr - cnB COS a 
damping-in- yaw parameter,  per  radian 
CfiB cos a i b2cni oscillatory-directiofial-stability parameter ,  per radian 
A dot over a quan"cty indicates a f i r s t  derivative with respect to time. The expres- 
sion cos ol appears in the lateral parameters since these parameters  are referred to the 
body system of axes, 
Colafig~ration Nomenelalture 
The desi.gi~ation used herein tor Ihe various model components is as follows: 
nose fuselage with ogiv, 
fuselage with blocked-engine-inlet nose 
low horizontal tail 
high horizontal tail 
wing with leading-edge sweep of 25O 
wing with leading-edge sweep of 50° 
wing with leading-edge sweep of 75O 
vertical tail 
MODELS AND APPARATUS 
Models 
The models of the two basic configurations which were tested a r e  shown in the air-  
brush drawings of figure 2 and photographs of figure 3.  As previously mentioned, the 
model used in this investigation is the same model a s  was used in reference 1. 
The model was made of magnesium, aluminum, and plastic-impregnated fiber glass. 
The wings a r e  adjustable so that leading-edge sweep angles of 25O, 50°, and 75' can be 
obtained. The wings in the 25' sweep position have NACA 6514006 thickness distributions 
parallel to the airstream and a r e  cambered to provide flat undersurfaces. A wing twist 
of 2O washout is developed about the 50-percent-chord line. The horizontal and vertical 
tails have 3-percent-thickness distributions parallel to the airstream and a r e  based on 
NACA 65-series airfoil sections. Provisions were made for changing the height of the 
horizontal tail and for removing both the horizontal and vertical tails.  A detail drawing 
of the wing and horizontal tail is presented in figure 4. 
Two interchangeable nose sections were provided for the fuselage. The nose sec- 
tion shown in figure 2(a) bas a sirntl-lated engine inlet with blocked a i r  passages. The 
other nose section, shown in f i w r e  2(b), h a s  a tangent ogive which is faired into the 
fuselage near the wing root. A s  previously mentioned, no provision was made for  flow 
throtagh the engines because of the space required for the oscillation-balance mechanism 
The reference dimensions used to reduce the data a r e  based on the geometric char- 
acteristics of the model with the wings in the 75' sweep position, regardless of the actual 
tes t  wing-sweep position. Actual model geometric characteristics a r e  a s  follows: 
Three-dimensional roughness i n  the form of 0.0025-meter-wide bands of sparsely 
distributed No. 60 carborundum grains was applied to the wing and tail surfaces a t  the 
10-percent-streamwise-chord line (defined for  the wing in the 50° sweep position). The 
roughness s ize and location were not changed when the wing sweep was changed to 25' o r  
to 75'. A s imilar  band of roughness was applied around the fuselage approximately 
0.051 meter  f rom the nose. 
Wing sweep 
angle, A, 
deg 
25 
50 
7 5 
Apparatus 
Oscillation mechanism.- Exploded and assembled views of the forward portion of 
the oscillation-balance mechanism which was used for  these tests  a r e  presented in figure 
u re  5. Since the amplitude of the forced oscillation was smal l  (lo), the rotary motion of 
an electric motor was  used to provide essentially sinusoidal motion of constant amplitude 
to the balance through the crank and Scotch yoke mechanism. The oscillatory motion was 
about the pivot axis,  which was located at the proposed center-of-mass location of the 
Span, b, 
m 
0.972 
.799 
.491 
configuration. 
The strain-gage bridge used to measure the torque required to oscillate the model 
was located between the model mounting surface and the pivot axis. This bridge location 
eliminated the pivot friction characteristics from the model system and thereby elimi- 
nated the need to cor rec t  the data for  varying pivot friction associated with changing aero-  
dynamic load. Although the torque bridge was physically forward of the pivot axis, all 
torques were measured with respect to the pivot axis. 
Mean geometric 
chord, F, 
m 
0.140 
.235 
.357 
The mechanical spr ing shown in the photograph (fig. 5) was installed between the 
model mounting surface and the fixed sting. The strain-gage bridge which was attached 
to the mechanical spring w a s  used to determine the amplitude of the model angular dis- 
placement with respect  to the fixed sting. The aneehanieal spring allowed the model sys- 
tern to be oscillated a t  velocity resonance. 
6 
Wing area, S, 
m2 
0.188 
.I58 
.I54 
For  the grawilag tests, a rolling-torque balance w a s  attached to the front of the osell- 
lation balance to provide measurements of the rolling torque induced by tile yawing motion. 
Wirzd tunnels.- T%o wind tdiirzcfs were used to obtain the data presented herein. 
-
Gornn~ona to both tunnels is the ability to control relative humidiQ and total t emperab~re  
of the air in the tunnel in  order  to ~~i in i rn ize  the effects of condensation shocks and the 
ability to control total p ressure  in order  to obtain the desired Reynolds number. 
The data for  Mach numbers from 0.40 to 1.20 were obtained in  the Langley 8-foot 
transonic pressure tunnel. The tes t  section of this single-return wind tunnel is about 
2.2 meters  square with slotted upper and lower walls to permit continuous operation 
through the transonic speed range. Test-section Mach numbers from near 0 to 1.30 can 
be obtained and kept constant by controlling the speed of the tunnel-fan drive motor. The 
sting support s t ru t  is s o  designed a s  to keep the model near the center line of the tunnel 
through a range of angle of attack from about -5O to 16' when used in  conjunction with the 
oscillation-balance mechanism that was used for  these tes t s .  
The data for a Mach number of 1.80 were obtained in  test  section number 1 of the 
Langley Unitary Plan wind tunnel. This single-return tunnel has a test  section about 
1.2 meters  square and about 2.1 meters  long. An asymmetric sliding block is used to 
vary the a r e a  ratio i n  order  to  change the Mach number from about 1.49 to 2.87. The 
angle-of-attack mechanism that was used for  these tests  has a total range of about 25' 
when used in  conjunction with the oscillation-balance mechanism. A photograph of one 
of the models installed on the oscillation-balance mechanism in the wind-tunnel tes t  sec-  
tion is presented a s  figure 6. A more complete description of the Langley 8-foot tran- 
sonic pressure tunnel and the Langley Unitary Plan wind tunnel is given in reference 3.  
MEASUREMENTS AND REDUCTION O F  DATA 
The strain-gage bridges used to measure the torque required to oscillate the model, 
the rolling torque (for yawing tes t s  only), and the angular displacement of the model with 
respect to the sting a r e  powered by 3000-hertz ca r r i e r  voltage. The bridge outputs a r e  
proportional to the instantaneous torque and the instantaneous angular displacement. The 
constant components of the bridge outputs a r e  removed by using conventional bridge- 
balance circuits.  The nonconstant components a r e  amplified and passed through mechani- 
cally coupled but electrically independent sine-cosine resolvers  which rotate with con- 
stant angular velocity a t  the frequency of model oscillation and resolve each signal into 
two components. The components a r e  rectified by phase-sensitive demodulators and 
read-on damped digital voltmeters to provide direct-current voltage proportional to the 
orthogonal components of the amplitude of the torque required to oscillate the model, the 
rolling torque, and the angular displacement of the model with respect to the sting. The 
amp'litudes of torqrae, rolling torque, and displacement are then computed from their 
respective orthogonal components. The iuldividual resolvers  are e%eetrieal%y alined s o  
that the phase angle betweefi the torque required t c  oscillate the model and angular dis- 
placement and b e b e e n  the rolli~ag torque and a n g ~ l a r  displacement may also be deter- 
mined from the orthogoilal components. 
The resolver-damped-voltmeter system acts  as an extremely narrow band-pass 
f i l ter  with the center frequency always being the frequency of oscillation of the model. 
In this way, a s  explained in reference 4 ,  the effects of random torque inputs due to tunnel 
turbulence o r  other causes a r e  eliminated and only the components of torque and angular 
displacement which occur at  the frequency of oscillation a r e  used in  computing the dynamic 
stability characteristics of the model. 
The frequency of oscillation was measured by using an electronic counter to count 
for 1 second the pulses generated by an induction-coil pickup and a 100-tooth gear  which 
was fastened to the shaft of one of the resolvers .  
Fo r  the pitching tests ,  measurements were made of the amplitude of the torque 
required to oscillate the model in pitch Ty, the amplitude of the angular displacement 
in  pitch of the model with respect to the sting 0, the phase angle q between T y  and 
0, and the angular velocity of the forced oscillation w .  The viscous-damping coefficient 
in pitch for  this single-degree-of-freedom system was computed a s  
Ty s in  q 
C y  = 
w 0  
and the spring-inertia parameter in pitch was computed a s  
where Ky is the torsional-spring coefficient of the system and I y  is the moment of 
inertia of the system about the body Y-axis. 
Fo r  these tes t s ,  the damping-in-pitch parameter was computed a s  
2V 
e m q  + = - -[(CY) 
 SF' wind on - (Cy)wind ofl] 
and the oscillatory-longitudinal-stability parameter was computed a s  
1 Cm, - k2em4 = -,by - lyw2) 
q,sc wind on - (KY - ' y  w2)wind of 
The wind-off value of Cy is determined at the frequency of wind-off velocity resonance 
since the value of Cy is independent of frequency and can be determined most accurately 
a t  the freq~ueney of velocjty- resonance. The wirid-on and wind-off values of Ky - " I y - c l i ~  
are deteranlaled at the same frequency since I<y - lYd i s  a function of frequency, 
For the yawing tests, measuremen& s e r e  made of the amplitude of the torque 
seqiaired to oscilate the model in  yaw Tz, the amplitude of the angular displaeeme~zt in 
yaw (3% the nodel  with respect to the sting the phase angle X between '62 and xP7 
and the angular velocity of the forced oscillation w. 
The system characteristics in yaw, referred to the body Z-axis, were computed a s  
T Z  s in  h 
Cz = 
wP 
and 
where K.2 is the torsional-spring coefficient of the system and IZ is the moment of 
inertia of the system about the body Z-axis. 
For  these tes t s ,  the damping-in-yaw parameter was computed a s  
and the oscillatory-directional-stability parameter was computed a s  
T eos X T cos h 
CniR cos a + k k n ;  = - 
~ O O *  ' 'wind on - ( )wind ofi] (8) 
As for  the pitching-oscillation tests ,  the wind-off value of CZ is determined a t  the f r e -  
quency of wind-off velocity resonance, and the wind-off and wind-on values of KZ - IZw2 
a r e  determined at the same frequency. 
During the yawing-oscillation tes t s ,  measurements were also made of the maximum 
rolling torque TX induced by the yawing oscillation and of the phase angle y between 
TX and the yawing displacement. That portion of the rolling torque in  phase with yawing 
displacement was used to compute the following expression for  the effective-dihedral 
parameter:  
Tx "0" 
The wind-off and wind-on values of --------- were deterwlined a t  the sarr~c: osci%lation 
f requeney , 
%nstrumentation dSficu%ties precluded accurate measurement of that portion of the 
rolling torque in  phase with yawing velocity, Therefore, values of C1 - Cz cos a 
r P  
were not computed for these tests .  
TESTS 
The dynamic-stability parameters  in pitch were measured through a range of mean 
angle of attack at 0' angle of sideslip with the model oscillating in  pitch about the body 
Y-axis. The oscillation balance was rolled 90° within the model to provide model oscilla- 
tions in yaw about the body Z-axis as the dynamiC-stability parameters  in yaw were mea- 
sured through a range of angle of attack at O0 mean angle of sideslip. The tests  were 
made at Mach numbers from 0.40 to 1.80 at an  amplitude of about lo by using a small- 
amplitude forced-oscillation mechanism. Reynolds number, based on the mean geometric 
chord of the wing in the 75' sweep position, stagnation pressure,  and stagnation tempera- 
ture for  the various Mach numbers were a s  follows: 
number, 7 temperature,  Reynolds number, R 
The angle of attack was varied from about O0 to about 10°. The reduced-frequency 
parameter was varied from 0.0135 to 0.0465 in pitch and from 0.0135 to 0.0589 in yaw. 
Tests  were made with wing leading-edge sweep angles of 25O at Mach numbers of 0.40 
and 0.80, 50' at  Mach numbers of 0.80, 0.90, 1.00, and 1.20, and 75' a t  a Mach number of 
1.80. The effects of horizontal and vertical tails,  a s  well a s  the effect of horizontal-tail 
height, were investigated. The engine inlets were blocked since internal flow through the 
engines could not be simulated. Tests  also were made with an ogive nose in order  to 
determine qualitatively the effect of blocking the engine inlets. 
As previously mentioned, a turbulent boundary layer over the model was assured by 
the use of three-din~ensional roughness bands. 
PRESENTATION OF RESULTS 
An index to the data figures is as fo8laws: 
Lateral  
stability 
resul ts  
Figure 10 
, -- - - - - - - - - - 
Lonetudinal 
stability 
resul ts  
Wing sweep 
angle, A, 
de g 
2 5 
50 
7 5 
Figure 11 
-- - 
Mach number, M 
Figure 12 
0.40 and 0.80 
0.80, 0.90, 1.00, and 1.20 
1.80 
Schlieren photographs taken in the plane of symmetry at M = 1.80 a r e  presented a s  
figure 13. 
Figure 7 
Figure 8 
Figure 9 
DISCUSSION O F  RESULTS 
Longitudinal Stability 
A = 25O, M = 0.40 and 0.80 (fig. 7).- Figure 7 presents the longitudinal dynamic 
stability of several  configurations with a wing sweep angle of 25O at Mach numbers of 
0.40 and 0.80. All configurations have positive damping in pitch negative values of ( 
Cmq + Cm6) at all values of mean angle of attack a!. Longitudinal stability generally 
decreases  with increasing a! positive longitudinal stability is indicated by a negative ( 
value of Cm, - k2cm4). Tes ts  made with the horizontal tail removed (configura- 
tion F ~ w ~ ~ v )  show that about one-half of the damping in pitch is provided by the hori- 
zontal tail. The configuration with the low horizontal tail  H i  has slightly greater  
damping at all values of a! than the configuration with the high horizontal tail  8 2 .  The 
configuration with the low horizontal tail is slightly more stable than the configuration 
with the high horizontal tail at positive values of a! and less  stable at negative values of 
a. The configuration with the ogive fuselage F o  generally has greater  damping than the 
blocked-engine-inlet fuselage F1. Differences in stability for  the two configurations a r e  
minor. 
A = 50°, M = 0.80 to 1.20 (fig. 8).- The configurations with the wing swept 50° at 
Mach numbers from 0.80 to 1.20 generally have positive damping in  pitch except at  a 
Mach number of 1.00. (See fig. 8.) Longitudinal stability generally decreases  with 
increasing a!. A pronounced decrease in stability occurs for  all  configurations near 
a = e0 a t  Mach numbers of 0.80 and 0.90. Testa made with the horizontal tail  removed 
(configuration F ~ w ~ ~ v )  show that a large part  of the total damping in pitch is contributed 
by the  horizontal tail, The eodiguration with the low horizontal tail Hg. generally has  
less damping at all values of chc than the eorsfiguration wi th  the high horizontal tail Hz* 
This is opposite 'lo the effect of tail  height observed at tl;I -. 0.40 and 0,80 fo r  the coa- 
fi~wratiora with a wing sweep angle of 25' (fig, 7 ) .  The c o n f i p r a t i o ~ ~  with the low hori- 
zontal tail is generally more stable than the coniiguration with the high horizontal tail, 
No sigmifieant effects of fuselage shape occv-r for a wing sweep angle of 50". 
A = 75", M = 1.80 (fig. 91.- Figure 9 presents the longitudinal dynamic stability 
characteristics of several  configurations with a wing sweep angle of 75' at  a Mach num- 
ber  of 1.80. All configurations have positive damping and stability in  pitch. The addition 
of either the low horizontal tail  R1 o r  the high horizontal tail H2 generally causes an 
increase in damping and stability in pitch. These resul ts  a r e  in  agreement with those of 
reference 1 for these same configurations at Mach numbers of 2.40, 2.98, and 3.60. 
Although the schlieren photographs of figure 13 show detailed differences in the shock 
patterns produced by the ogive nose and the blocked-engine-inlet nose, the measured 
longitudinal stability parameters  for  the two configurations a r e  very s imilar .  Since the 
origin of the strong shocks from the blocked-engine-inlet nose is relatively close to the 
oscillation center and the shocks do not impinge on the model at  M = 1.80, the similarity 
of the data might be expected. 
Lateral Stability 
A = 25O, M = 0.40 and 0.80 (fig. lo).- Figure 10 presents the lateral dynamic sta- 
bility characteristics of several  configurations with a wing sweep angle of 25' at Mach 
numbers of 0.40 and 0.80. All configurations have positive damping in  yaw (negative val- 
ues of Cnr - Cna cos a at al l  values of angle of attack a. Most of the damping in yaw ) 
is contributed by the vertical tail, especially at the lower values of a. Large stabilizing 
increments of the parameter Cn cos a + k'cnt a r e  contributed by the vertical tail. P 
All configurations generally exhibit positive effective dihedral negative value of 
P Cl cos a + k2clk), with the vertical tail  adding an almost constant positive dihedral 
effect through the a range. The damping in yaw is generally independent of fuselage 
shape. However, the directional stability and effective dihedral parameters  a r e  affected 
by fuselage shape, especially at angles of attack above about 8'. 
A = 50°, M = 0.80 to 1.20 (fig. 11).- Figure 11 presents the lateral dynamic sta- 
bility characteristics of three configurations with a wing sweep angle of 50° a t  Mach num- 
be r s  from 0.80 to 1.20. All configurations have positive damping in yaw, with a pro- 
nounced increase in damping occurring at the higher angles of attack. At the lower val- 
ues  of a, the vertical tail  is the main contributor to both damping and stability in yaw. 
The levels and trends of damping a r e  independent of fuselage shape up to angles of attack 
of about 4'. At the higher angles of attack, the configuration with the ogive nose Fg has 
more darnping and less  stability than the configuration with the blocked-engine-inlet nose 
Fa, AEI eodi&rations exhibit positive efiective dihedral except the configxrafion W ~ % ~ O L I ~  
the vertical tail ( F ~ w ~ o M ~ )  near a = 0' at M = 1.00 and 1.20. 
ir =. '95', M =z 1,80 (fig, 12),- Figure 12 presents the lateral dynamic stability 
character is t ics  of two corafigusatlons with a wing sweep angle of 75' at a Mac11 number 
of 1.80. The addition of the vertical ta i l  V increases  the damping asld stabiliby in yaw 
and adds a negative increment to the effective dihedral parameter at  a l l  angles of attack. 
These resul ts  a r e  in agreement with those of reference 1 for  these same configurations 
at Mach numbers of 2.40, 2.98, and 3.60. 
CONCLUDING REMARKS 
Wind-tunnel measurements of the aerodynamic damping and oscillatory stability in 
pitch and yaw of a model of a variable-sweep supersonic transport configuration have been 
made at Mach numbers from 0.40 to 1.80 by using a lo amplitude forced-oscillation mech- 
anism. The investigation was made with wing leading-edge sweep angles of 25' at Mach 
numbers of 0.40 and 0.80, 50' at Mach numbers of 0.80, 0.90, 1.00, and 1.20, and 75O a t  
a Mach number of 1.80. The effects of horizontal and vertical tails, as well a s  the effect 
of horizontal-tail height, were detemined. The engine inlets were blocked since internal 
flow through the engines could not be simulated. In order  to determine qualitatively the 
effect of blocking the engine inlets, t es t s  were also made with a configuration having an 
ogive nose. 
The resul ts  of the investigation indicate that for  the oscillation center which was 
used the complete airplane configurations generally have positive damping and oscillatory 
stability i n  both pitch and yaw except for  a region of longitudinal instability at angles of 
attack greater  than about 6O at subsonic speeds. The horizontal-tail and vertical-tail 
surfaces generally provide most of the damping in pitch and damping in yaw, respectively. 
The low horizontal tail  generally provides slightly greater damping and stability in pitch 
than the high horizontal tail, and the increase varies  with wing sweep angle and angle of 
attack. The levels and trends of damping and stability in  pitch a r e  generally independent 
of fuselage shape. The effect of fuselage shape on the lateral dynamic stability charac- 
ter is t ics  is insignificant near an  angle of attack of 0' and is appreciable at angles of 
attack greater  than about 4O to 6O. 
Langley Research Center, 
National Aeronautics and Space Administration, 
Hampton, Va., December 23, 1970. 
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Figure 4.- Details of wing and horizontal tail. All linear dimensions in  inches (1 inch = 0.0254 meter) 
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Figure 5.- Forward portion of oscillation-balance mechanism. (1 inch = 0.0254 meter).  
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Figure 8.- Variation of longitudinal dynamic stability characteristics with 
mean angle of attack fo r  wing sweep of 50'. 
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Figure 10. - Variation of lateral dynamic stability characteristics with 
angle of attack for  wing sweep of 25O. 
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Figure 11.- Variation of lateral dynamic stability character is t ics  with angle of attack for  wing sweep of 50". 
C - Cn,  cos a 
nr P 
per  r a i i a n  
C n ~  
cos a + lZLc 
n;. 
per rad ian  
0 
0 
2 
r C z P  COS + C z *  
pe r  rad ian  
-.2 
k, rad ians  
Angle of a t tack ,  a ,  deg 
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Figure 13.- Schlieren photographs obtained at M = 1.80 with a! = 0'. 
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